The frequency response functions of the viscoelastic horizontal multilayers subjected to time harmonic plane P or SV wave incidence are generally governed by the acoustic impedance ratios of the base rock to that of each layer and by the incident angle of the waves to the layer interfaces and loss factor Q-1 of each layer. And the critical angles in the inhomogeneous wave fields play more important roles in the response characteristics than those of elastic wave fields and generalized Snell's law should be applied.
Introduction
The ground motions which vibrate horizontally and vertically due to an earthquake are mostly caused by Rayleigh wave and shear wave propagation. Dynamic earthquake responses to multilayer systems are mainly analyzed by multiple reflection method for SH wave (type-II S-wave) propagation in two-dimensional approach. In this case only horizontal component of ground motion is obtained. However, the responses to SV wave (type-I S-wave) propagation contain not only both components of horizontal and vertical motions by body waves but also motions due to inhomogeneous wave when incident angle of SV wave to a layer interface exceeds a critical angle. Therefore the dynamic responses to SV wave are of importance from the point of view of earthquake-resistant design.
The frequency response functions of the viscoelastic horizontal multilayers subjected to time harmonic plane P or SV wave incidence are generally governed by the acoustic impedance ratios of the base rock to that of each layer and by the incident angle of the waves to the layer interfaces, and by the loss factor Q-1 (Borcherdt, 1973) of each layer. Especially, it must be considered that the transmitted and the reflected waves generated by incident P or SV waves at arbitrary angles are always converted to inhomogeneous waves in the viscoelastic layers (Borcherdt, 1973; Henry, 1967) . Therefore, the critical angles in the inhomogeneous wave fields play more important roles in the response characteristics than those of elastic wave fields and generalized Snell's law (Wennerberg, 1985) should be applied.
In the present paper, for the two-dimensional approach, in order to clarify the surface response characteristics of the viscoelastic multilayers to every incident angle of plane harmonic SV waves, the parameter termed "maximum response ratio" is introduced, which is defined as the ratios of the maximum response spectrum within a necessary frequency range of viscoelastic layer to the response spectrum at the first resonant frequency of the corresponding elastic layer. For a viscoelastic multilayer, once the parameter is obtained the incident angle generating the maximum response can be estimated easily.
The parameter is calculated to the simple model layers, to the realistic subsoilmultilayers and to the two-layered models corresponding to realistic layers, and the response characteristics of viscoelastic layers are discussed. where G0 is a complex constant, r is a position vector, and k is the complex wavenumber vector consisting of the propagation vector P and attenuation vector A (Krebes, 1983) which express the directions of the normals to both lines of constant phase and lines of constant amplitude respectively. From Eq. (5b), the following relations are obtained:
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and (6b) where Re{ } and Im{ } denote the real part and imaginary part, respectively, and the angle denotes the angle between the vector P and A and the angle is termed attenuation angle or inhomogeneity.
In the Eq. (5), the vector P and A corresponding to the attenuation angle and wavenumber k respectively are expressed by (Borcherdt, 1973) .
For P and SV wave, the relations between loss factor Q-1 and complex wave- Vol. 40, No. 1, 1992 For the homogeneous wave fields, the wave velocity CZ coincides with homogeneous wave velocity CHZ which reduces to the elastic wave velocity when the loss factors vanish (Krebes, 1983) .
Generalized Snell's Law and Critical Angles
For the plane interface of the viscoelastic layers shown in Fig. 1 , the generalized Snell's law (Wennerberg, 1985; Sato, 1987) in the inhomogeneous wave fields is expressed for the transmitted waves in the form of (12a) and (12b) J. Phys. Earth 
In the inhomogeneous wave field, the critical angles of an incident wave are such angle that one of the propagation vectors of the reflected and transmitted waves is parallel to the layer interface considered. But since the wavenumber vector P and A are a function of the attenuation angle C, the attenuation angle and the critical angles as well as the angles of propagation vector of the reflected and transmitted wave are not obtained explicitly as in the elastic layer. They are evaluated by solving a simultaneous equation of Eq. (12) (Sato, 1987) . The propagation vector of the reflected and transmitted wave lying along the interface occurs only for discrete critical incident angles, and not for a continuous range of incident angle as in the elastic supercritical incidence (Borcherdt, 1982) . (Brekhovskikh, 1960; Haskell, 1953; Sato, 1982 Sato, , 1987 
4)
To the maximum response ratios of the viscoelastic layer, the effect of the elastic critical angle for the transmitted P wave appears very sensitively. 5) There are some special cases where sharp and large responses occur in the neighborhood of the critical angle for the transmitted SV wave. 6) In the viscoelastic layers, the horizontal maximum response ratios decrease monotonously with increase of incident angle, but the vertical ratios form a dome-like shape for increase of the incident angle.
7) The two-layered model gives good approximation for the response of realistic layer in viscoelastic case compared with elastic one.
